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A Brief Introduction to Tidal TheoryA Brief Introduction to Tidal Theory

•• What are tides? What are tides? 

•• What are tidal currents?What are tidal currents?

•• What generates tides and tidal currents?What generates tides and tidal currents?

•• How do we predict tides and currents?How do we predict tides and currents?



Tides & Tidal CurrentsTides & Tidal Currents

•• Tides are the periodic rise and fall of water due Tides are the periodic rise and fall of water due 
to the moon and sun’s gravitational pull.to the moon and sun’s gravitational pull.

•• Water levels are the total level of the water including Water levels are the total level of the water including 
tidal and nontidal and non--tidal forcing (typically meteorological tidal forcing (typically meteorological 
effects such as winds, storm surge, barometric effects such as winds, storm surge, barometric 
pressure).pressure).

•• Tidal currents are the horizontal movements of Tidal currents are the horizontal movements of 
water due to the same forces as the tides.  water due to the same forces as the tides.  

•• Currents are the total currents observed, including Currents are the total currents observed, including 
tidal and nontidal and non--tidal currents (freshwater runtidal currents (freshwater run--off, wind off, wind 
forced, density driven, etc).   forced, density driven, etc).   



Tide Generating Forces: Sun and Tide Generating Forces: Sun and 

MoonMoon
•• Tides are generated by the Tides are generated by the 

gravitational attraction gravitational attraction 
between the moon or sun and between the moon or sun and 
the waters of the Earth.the waters of the Earth.

•• The tide generating force of The tide generating force of 
the moon is over twice that of the moon is over twice that of 
the sun.the sun.

•• The lunar day is ~24h 50 min, The lunar day is ~24h 50 min, 
and a lunar month is ~28 and a lunar month is ~28 
days.days.

•• Since we know where the sun Since we know where the sun 
and moon are going to be at a and moon are going to be at a 
given time, we can predict the given time, we can predict the 
tides.tides.



Tidal TheoryTidal Theory

•• Using harmonic analysis, we resolve up to 175 Using harmonic analysis, we resolve up to 175 
“constituents” which make up the tide and tidal “constituents” which make up the tide and tidal 
currents.currents.

•• Since many combinations of constituents go into Since many combinations of constituents go into 
how tides are generated, observations are how tides are generated, observations are 
required … the longer the better. required … the longer the better. 

•• Observations over a month, will resolve most of the Observations over a month, will resolve most of the 
major constituents for tidal currents.major constituents for tidal currents.



Predictions: TidesPredictions: Tides

•• Tides are scalar and are predicted with a time Tides are scalar and are predicted with a time 

and a height.and a height.

09/20/2007 Thu 

05:55AM LDT 7.0 H 

11:49AM LDT 2.2 L 

06:04PM LDT 8.1 H 

09/21/2007 Fri

12:42AM LDT 1.5 L 

06:55AM LDT 7.0 H 

12:49PM LDT 2.1 L

07:05PM LDT 8.2 H



Predictions: Tidal CurrentsPredictions: Tidal Currents

•• Currents are vectors and predictions have to Currents are vectors and predictions have to 

include time, speed and direction.include time, speed and direction.



NOAA’s Survey of the Piscataqua NOAA’s Survey of the Piscataqua 

River, 2007River, 2007

•• 11 sites occupied 11 sites occupied 

•• 8 have been recovered8 have been recovered

•• 3 have not:3 have not:

•• Memorial BridgeMemorial Bridge

•• Frankfort Island Frankfort Island 

•• General Sullivan BridgeGeneral Sullivan Bridge

•• Divers will be attempting to Divers will be attempting to 

recover the stations as recover the stations as 

early as Monday.early as Monday.



Locations Locations –– Portsmouth EntrancePortsmouth Entrance

Reference station (Portsmouth Reference station (Portsmouth 

Harbor Entrance) will be Harbor Entrance) will be 

deployed for 70+ days and will deployed for 70+ days and will 

have an additional battery have an additional battery 

packpack

Secondary Stations will be Secondary Stations will be 

deployed for 35+ daysdeployed for 35+ days

351st 0.70.451800.5201200.07.670.7166743.056173- Little Harbor Entrance

351st 0.70.46180120600.016.870.70743.07452- Fort Point

701st0.70.46180120600.015.970.70543.063331- Portsmouth Entrance
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Locations  Locations  -- Piscataqua River Piscataqua River 

Henderson Pt. to Sarah LongHenderson Pt. to Sarah Long

351st 0.70.46180130600.022.970.766543.092837- I-95Bridge

351st 0.70.46180125600.021.370.7606743.086336- Sarah M Long Br

352nd0.70.46180130600.023.870.7528343.07955- Memorial Bridge

351st0.70.46180130600.023.870.7388343.074834- Henderson Pt.
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Locations  Locations  -- Piscataqua River Piscataqua River 

II--95 to Dover Pt.95 to Dover Pt.

352nd10.782100.53560014.370.86243.0888311- Furber Strait

352nd0.70.451800.52512007.370.8256743.11810- General Sullivan 

352nd0.70.4618012060014.970.803543.113179- Frankfort Island

352nd0.70.4618012560020.770.7811743.097178- Schiller Station
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EquipmentEquipment

•• 600 kHz RD Instruments ADCP600 kHz RD Instruments ADCP

•• 47m range in std mode47m range in std mode

•• 67m range in Long range mode67m range in Long range mode

•• 1200 kHz RD Instruments ADCP1200 kHz RD Instruments ADCP

•• 14m range in std mode14m range in std mode

•• 19m range in Long range mode19m range in Long range mode



EquipmentEquipment

•• TrawlTrawl--resistant bottom resistant bottom 
mount mount 
•• COTS platformCOTS platform

•• Benthos 867Benthos 867--A A 
transpondingtransponding releaserelease

•• ESES--2 2 
•• COCO--OPS inOPS in--house house 

design (Eddie Shih)design (Eddie Shih)

•• Benthos 875 Popup Benthos 875 Popup 
releaserelease

All Platforms will have Benthos All Platforms will have Benthos 
Acoustic Locators (‘Pingers’)Acoustic Locators (‘Pingers’)



Data and Preliminary AnalysisData and Preliminary Analysis



Henderson PointHenderson Point



Henderson PointHenderson Point-- bin 1(58 ft below MLLW)bin 1(58 ft below MLLW)



Henderson PointHenderson Point-- bin 9 (32 ft below MLLW)bin 9 (32 ft below MLLW)



Henderson Pt. Henderson Pt. --bin 17 bin 17 (uppermost good bin: 6ft below MLLW )(uppermost good bin: 6ft below MLLW )



II--9595



II--95 Bridge95 Bridge-- bin 1 (48 ft below MLLW)bin 1 (48 ft below MLLW)



II--95 95 -- bin 7 (28 ft below MLLW)bin 7 (28 ft below MLLW)



I 95 I 95 -- bin 14 (uppermost good bin:  5 ft below MLLW )bin 14 (uppermost good bin:  5 ft below MLLW )



Schiller StationSchiller Station



Schiller Station Schiller Station --bin 1 (52 ft below MLLW)bin 1 (52 ft below MLLW)

Note: The platform at Schiller Station 

moved mid-way through the deployment.

This movement is why there are two lobes 

to some plots.

The predicted is based on the pre-move 

data.



Schiller Station Schiller Station -- bin 7 (32 ft below MLLW)bin 7 (32 ft below MLLW)



Schiller Station Schiller Station -- bin 15 bin 15 (uppermost good bin: 6 ft below MLLW )(uppermost good bin: 6 ft below MLLW )



Frankfort Island & The General Frankfort Island & The General 

Sullivan BridgeSullivan Bridge

The Frankfort Island and General Sullivan 

Bridge stations should be recovered soon.  

If the stations have data, they can be made 

available after an initial review.



Questions?Questions?


